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Space Geodetie Scien. ¢ and Applications Group
Jet Propulsion 1.aboiatony, Culiforma Institute of ‘Technology

Abstract. The second-degree zonal tide raising potential, which is responsible for tidal changes
in the Earth's rotation rate and length-of day, 15 symmetric about the polir axis and hence can
excite the Harth's polar motion only through its aetion upon nonaxisymmetiic features of the Farth
such as the occans. Ocean tidal excitation of polar motion in the divrnal and semidiurnal tidal
bands has been previously detected wnd extensively examined. Here, the detection of ocean tidal
excitation of polar motion in the long-perod tidal band, specifically at the M/ (13.63-day) and Mf
(13.66-day) tidal frequencies, is 1eportcd. Spectia of the SPACHEYY polar motion excitation
function exhibit peaks at the prograde and retrorrade forinightly tidal periods. After removing the
effects of atmospheric wind and pressure changes, an empincal mmodel for the effect of the
fortnightly ocean tides upon polar motion excitation is obtamed by Jeast-squares fitting periodic
terms at the Mf and M/ tidal frequencics to the yesidoad polar imotion excitation sertes. SPACEY4,
a Kalman filter-based combination of space peodetic measurements of the Harth's rotation
spanning 1976.8 - 1994, was choscn for th ~ porpose sinee its time span is great enough to resolve
the Mf and Mf tidal frequencies (whose beat period is 18.6 years). The 1esulting empirical model
for the effect of the fortnightly occan tides upon polay mwotion excitation, which fully accounts for
the observed enhanced power in the fortnighithy tidal bands, is compated with the predictions of
two hydrodynamic occan tide models. The modcls disagiee both with cach other, with predicted
phases differing by 45° to 64° and auplitudes differing by 19 to 27 pereent, and with the
observations, with both models predicting ampliudes that ae gencrslly toa small by a factor of

two to three. These results illustrate the need tor better predictions of the effect of long-period




ocean tides upon the Earth's rotation, @ ncead tht may be fulfitled when Jong-period ocean tide

modecls based upon Topex/Poseid onmicasut e:nents becomie available
!

Tntroduction

The rotation of the solid Harth is not steady but eahibits chauges i both: (1) angular speed,
giving rise to changes in the length-of-day, and i2) the orientation of the rotation axis within the
solid Earth, giving rise to the Barih's poler motion fe.p., Munk and MacDonald, 1960; Lambeck,
1980, 1988; Moritz and Mueller, 1988; F'i-hanka, 1993, These changes in the rotation of the solid
Larth are caused cither by: (1) the action of surfi ¢ forces applicd ar the solid Earth's interface with
its overlying atinosphere and hydrosphere o vnderlying liguid core, on by (2) changes in the mass
distribution of the solid Earth therehy chanping its incitia tensor aud henee rotation. The tide
raising potential duc to the gravitation.] attrection of the sun, Moon, and plancts generates
deformations of both the oceans, giving sise 1o (he ocean tides, and the solid Farth, giving rise to
the body tides. These tidally induced clisnges in the mass distriibution of the occans and solid
Earth, and hence in the BEarth's incriia tensorn, cause petiodic changes in the Farth's rotation at the
tidal frequencies.

Changcs in the length-of-day caued by the deformation of the solid Farth due to the long-
period body tides can be accurately predicted from models of the solid Bairth's elastic response to
the tide raising potential [Yoder ¢t «l, 1951] The occan tides contiibute (o the tidally induced
changes in the length-of-day at long pooods | Yoder ¢r al., 1981], and because the oceans are
asyminetrically located on the surface of the Larth they also penceiate short-period (diurnal and
scimidivrnal) Iength-of-day changes, as well ov periodic polar motions. Diurnal and semidiurnal
changes in length-of-day and polar moticn Teeve been recently detected @nd attributed to the effects
of occan tides [Brosche et al., 1989, 1921 Hovring wid Dong, 1991, 1994, Lichten et al., 1992;
Wiinsch and Busshoff, 1992; Wiinscl and Sciler, Y092 Dickman, 1993, Gross, 1993a; Herring,

1993; Sovers et al., 1993; Brosche and Wiinsch, 1994 Freedman ot af ., 1994a; Ray et al., 1994;



Watkins and Lanes, 1994; Chao et al, 1995]  1n this repoit, evidence is presented for the

excitation of polar motion by long: penod occat tiies.

Detection of Fortnightly Polar Motion Kxcitation Signal

Polar Motion Excitation Serics

The polar motion excitation data set uscd in tns study is that detived from the SPACE94
Barth orientation scrics. SPACHYY [Gross, 19951 1s a Kalman Hilter- based combination of
independent Harth orientation measmcemaents tal.en by the space geodetic techniques of lunar laser
ranging, satellite laser ranging, vary lone bascline interferometry, and the global positioning
systen. The Kalman filter used 111 gene ating SPACEY1 contains @ model of the polar motion
process and produces estimates of the 1, aithoriontation excitation functions and associated model
parameters along with estimates 011901:11 miotionand UV TTAY[Morabito et al 19885 I'reedman et
al., 1994b]. The complex-valued polianction excitation function, orchi-function, is the polar
motion forcing function which, atficquen s slarfromthe Fiee Core Nutation 1csonance, 1S related
fo polar motion through the expressionfoy . Hovnesct al 1983 Brceiinski, 19925 Gross, 1992;

Br zezinski and Capitaine,1993):

p() ) x(1) 1)

o O dt

where p(1) == (1) - 1§ pa(2) where py(n) ead g are the X- and y-components, respectively, of
polar motion with the positive py ditcction being along the Grecawich rncrnidhan and the positive p
dircction being along the meridian at 207 W longitode, x(1) = (1) 4 1 yo() where yi(7) and (1)
are the x- and y-components, respectively | of the polan motion excitation function with the positive
x1 ditection being along the Greenwich meeridian and the positive y» direction being along the
meridian at 90° J¢ longitude, and o, - is the ¢onaplex vatlued frequency of the Chandler wobble.
The polar motion excitation function y(r) vhenges as angular momentum is exchanged with the

solid Harth, or as the solid FEarth's incriia tenso: ¢hanges, due to the action of some astronomical or




gcophysical process such as occan tides. 'I'v path of the pole, piven by p(7) and which is
observed by the Larth orientation mcasurcinent cystems, then responds to tns changing excitation
function in accordance with equation (1),

The SPACE94 polar motion excitation soiies consists of 6688 daily values of x (1) spanning
October 6, 1976 to January 27, 1995 A pow.r spectrum of the finst 6656 values of this series,
spanning 1976.8-1994, is displaycd 1w Pigo-e Ja where the vertical dotted lines indicate
frequencics in the weekly (9-day), forinightly (1-1-day), and monthly (27-day) tidal bands. As can
be seen, there appears to be enhanced poveer incthe prograde and rettograde fortnightly tidal bands,
and perhaps the prograde weekly tidal bivid  Fosore 2a displays a powveer spectium of that subset of
the SPACE94 polar motion excitation scnes spanning 1984 1994 where it is again scen that
enhanced power is evident in the prograde snd setrogiade fortnightly and prograde weekly tidal
bands.

Atmospheric Angular Momentum Series

Significant sources of non-tidal ¢xcvitanon of polar motion should be removed from the
SPACEY4 excitation series prioy (o ana'ysing 1t for the presence of tidal excitation. There is a
growing body of cvidence that atinosphcric wind and pressure fluctuations are an important
excitation mechanism of polar motion at the por ods of interest 1o tus study, namely, from a week
to a month [Eubanks et al., 1988; Salsicie oo d Rosen, 1989; Nasuda et al., 1990; Gross and
Lindgwister, 1992a, 1992b; Chao, 1993, hueie ctol [ 1993 Nastida, 1992, 1995; Kosck et al.,
1995]. ‘The available atmosphericanguli oentun (A AM) series arcthesefore considered  here
for possible removal from the SPACTY  pol motion excitation seriespriorto its analysis for
occan tidal excitation.

Of the AAh4 data sets currentiyay ailulle, theone withthe gicatesttime span, and the only
one that fully overlaps in time with the SPACEH poli motion excitation series, 1s that determined
from the global analyses produced undce the ¢lobal data assinuliation system of the U.S. National
Centers for Environmental Predicton (NCEP tormedy the LS. Netional Meteorological Center;

McPherson et al., 1979; Kistler and Paveisti, 1982, Dey and Moroic, 1985; Kanamitsu, 1989;




Kalnay et al., 1990). The NCEP AAM values are computed and archived by the International
Farth Rotation Service (JERS) Sub buieau tor Atmosphence Angular Momentum (SBAAM)
operated by the Climate Prediction Centes of the NCEP [Salstein ot ol 1993] from which the
valucs used in this study were obtaincd.

The angular momentum of the atmospheie changes due to both: (1) changes in the strength
and dircction of the winds, and (2) changesin the atmosphetic mass distisbution as evidenced by
changes in the surface pressurce. Forthcomore, when computing the AAM pressure term, two
different assumptions arc usually made about the response of the occans to the imposed
atiospheric pressure changes: (1) the occans @i assumed to respond as an inverted barometer in
which case only the mean pressure over the worlid's occans is transmitied to the underlying oceanic
crust, or (2) the oceans are assumed to be "iigid” thereby fully tansmitting the imposed
atmospheric pressure variations to the occan bottom crust. At the periods of interest to this study
(a week to a month) the occans aie pencrally behieved to respond as an inverted barometer
|Wunsch, 1972, 1991; Brink, 1978; Dicianar, 1988a; Ponte et al., 1991; Ponte, 1992, 1993,
1994; Tai, 1993; I'u and Pihos, 1994 and henee this version of the pressure term was chosen for
use here.

‘The AAM values used in this study we dugnostie varables computed from the output of an
atmospheric general circulation model (GCM) operated for the primary purpose of forecasting the
weather. Changes are often madce to the GON, cihier to the physical model stself, its representation
or parameterization, or to the data being sssimnlated, m order to improve the weather forccasts.
These model changes also lead to improved AAM values, but have the undesired effect of
sometimes causing sudden, step-like clisnges it the mean AAM value, especially of the pressure
term, at the time of the model change. '1These step-like changes in the mean value of the AAM
pressure term have been removed [ Dong, peisorcd communication, 1995] by adjusting the values
prior to the occurrence of the model change by applying a constant corsection determined from the
offset at the time of the model change of sinoothing splines fit to the residual AAM values on either

side of the step-like change, where the residusl AAM serics was formed by differencing the NCEP
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values with those of an indeperident scrics computed from the analvses of the G CM operated by
the Japar Meteorological Agency (whoww AAM values were also obtained from the 1ERS
SBAAM).

After correcting the AAQL prescane ten for the effects of morelchanges, missing values in
the pressure and wind terms were filled by Jincatintes polation. Values forthe NCEP AAM wind
term are given once-per-day at O U fron July 1, 1976 through Avgust 29, 1983, twice-Jmr-day at
O UT and 12 UT from August 30, 1984 throughlune 20, 1992, andiour-times-per-day at 0 UT, 6
U 1207, and 18 U T from Junc 21,1827 tothe present,. Valuesiorthe NCHEP AAM pressure
term computed under the inverted baomcier assomption are. given onces pet-day at 0 UT from July
], 1976 through I>cc.ember 31, 1980, twice-por-dayato UT and 1 2 U'T {from January J, 1981
through June 20,1992, and four- times-per-day et O UT, 61117, 1? UL, and ISUT from June 21,
] 992 tothe present. Because of the diirne b and semidiural viniations in atmospheric pressure and
wind, and hence in the A AM pressurc andwind terms, a missing AAM value was replaced by
lincarly interpolating between the nearesty aloes oneither side of the data gap that are given at the
same howr (c.g., 12 UT) as that of the nossing value. Inthis mannerdatagapsare filled by linear
intcipolation of wvalues that arc at the samphasain the divrnaland senndivinal cycles asare the
missing values.

After scparately filling the gapsinthe wind and pressure e s, the total atmospheric
angularmomentumvalueswere for HIC (i by takimg i1l sum. Dailyaverages of the total A AM
values were then formed by averaging the tw oy co-per- day val ues given from August 30, 1983
through June 20, 1992 and the fowr-times per diny values given sinee June 21,1992, This is done
in order to both: (1) appropriately comparc t9e A AM values to the SPACE94 polar motion
excitationvalucs which can be considered 1o be ¢iily averages sinee the polanmotion  observations
uponwhichthe SPACHE94 excitation scnesisbasad ate genetally daily onmultiday average.s, and
(2) avoid possible aliasing to Jong per iods of neary divnad 01 nearly semidivinal AAM variations
that wouldoccur if once-I)cr-day AAM ulaesy ., enatjust, say, OU 2 were chosen for this study.

Figure 3 displays the x- and y-componcnisofitedailyaverapedtotal AAM time series thus



formed. As can be seen, the values prion 1o shont 1984 exhibit greater vadiasbility than do the later
values, with the values after about 1984 appeating to be more self-consistent.

Vigure Ib displays the power spocirum of the 1esidual series formed by subtracting the
AAM scries shown in Figure 3 from the SPACH94 polin motion excitation series during 1976.8-
1994. Enhanced power is still evident i the prograde and 1cttoprade fortmightly tidal bands, but is
no longer evident in the prograde weekiy tid il band (compare with Fipuie 1a). The enhanced
power in the prograde and retrograde fo tnightiy tidal bands is particolarly evident in Figure 2b
Awhicll displays a spectrum of that poriion of the residunl series spanning 1984 1994,
Determination of an Empirical Tide Meodel

In principle, ocean tidal sca level heighn and current changes at sll tidal frequencies are
capable of exciting polar motion, but in poactice only the largest tides are likely to excite the polar
motion to observable levels. In the weekly tidul band the Jarprest occan tides are the M9’ (9.12-
day) and M9 (9.13-day) tides, in the forimehtiy tidal band they we the Mf7 (13.63-day) and Mf
(13.06-day) tides, in the monthly bhand it i the A (27.95-day) tide, in the semiannual band itis
the Ssa (182.62-day) tide, and m the wimas) hand s the Sa (365.26-day) tide. The small
difference between the Mf” and M/ tGdal ficgoe cies corresponds 1o a beat period of 18.6 years,
which is also the beat period between the A9 wd MY tdal ficquencies. 3 polar motion excitation
cffects at these tidal frequencics are to Lo resolved, then a polay motion excitation time series
spanning about 18.6 years must be analyzec, The entire SPACHYY AAM 1esidual polar motion
cxcitation series, spanning the 18.2 yearJony interval of 1976.8 1994, was therefore used when
fiting for periodic terms at these tidal freqguencic .

Besides fitting for periodic eims o the tilal friequencies listed in“lable 1, the least-squares
fit to the entire SPACE94-- AAM 1esidunl podiar nntion excitation setics also included terms for the
mean and trend of the scries. Table 2 pives the results of the fit for the tidal terms in the weekly,
fortnightly, and monthly tidal bandsin tcrnsof the amplitude A and phase ¢ of the prograde and

retrograde components of the polarmotion 1oseiionTunction defmed Ly




(@) = A DA e e (2)
where the subscript p denotes prograde, the subseript v denates setiograde, and @(r) represents the
tidal argument, the expansion of which is givan in Table | for the individual tidal terms being
considered here. The results at the M/ and M/ tidal ficquencies have been1esolved, as have those
at the M9 and M9 tidal frequencics, with the Jorpest conelation cocfficient between the solved-for
periodic parameters being 0.024. 'The resolts at the semiannual and annual tidal frequencies are not
shown since they include such unmodelod, nontidal polar motion excitation effects as seasonal
changes in the general thermohaline cuievlation of the oveans. The uncertaintics shown in Table 2
arc the 1-sigma formal errors.

Figures Ie and 2¢ display power spectia of the series obtained by removing the fitted terms
from the SPACE94- AAM residual serics. As can be seen, there is no longer any evidence of
enhanced power in the prograde o1 setieprade fortnightly tidal bands. ‘Thus, the empirical tide
model given in Table 2 can fully account for the enhanced power evident in the SPACHI4- AAM
residual polar motion excitation scries, cither it the full series spamning 1976.8- 1994 (upon which

the fitis based), or in just that poriion of the setics spauning 1984 1994,
Comparison will thPyedictionsfromQOcean Tide Models

Seiler [1991], using @ hydiodynamic woeantidemodel,computedthe axial and both
equatorial components of the angula) o mientumassociated withtidalchangesin sca level height
and currents for three semidiurnal (Mo, S 50 A5 three dwarnal (K, Oy, ), and four Jong-period
ti (ICSMf, ME, Mm , Ssa) . Gross[190:{ 0 wnd frosche and Winsch 11991 Jused the equatorial
componients of Sciler's ocean tidalangular ynorientomicesulis topsedictthe ocean tidal effect on
polar motion. The effects of long penodocean tides (the sumof the seerle vel height and current
(cl”ills) onthe polar motion excitationfu.cion y(f)predicted from Scile 's ocean tidal angular

momentum results are computed here by using cquation (1) with the tebulated polar motion results




of Gross [1993a, Table 2] and are given in Palde 2 in terms of the amplitude and phase of the
prograde and l'clmgliadc componcents.

Dickman [1993] developed broadband ] oouvitie cquations snd used them to predict the
Earth rotation effects of 32 short- and long - penod occan ides using, tide heights and currents
computed from his spherical harmonic occan tde moded [Dickuan, 1985, 1988b, 1989, 1990a,
1990b, 1991]. The cffects of long-period necan tides (the sum of the sea level height and current
terms) on the polar motion excitation funciion ) predicted by Dickman's ocean tide model are
computed here using equation (1) with the tabulated polar motion resvlts of Dickman [1993, Table
3f] and are given in Table 2 in terms of the ausplitude and phase of the prograde and retrograde
components. (Note that in Dickman 1199 1) the tabulated occan tidal effccts on the prograde and
retrograde components of polar tnotian weee inadvertenty switched [Dickman, personal
communication, 1995]. In computing here the predicted effect one the polar motion ¢xcitation
function, the tabulated prograde polar maotion component of Dickman {1993, Table 3{] has been
interpreted to be, in fact, the retrograde co.apon. at, and vice versa)

Irom Table 2, both the Dickimea and S0 ler occan tide models predict the greatest long-
period occantidal effect on the polin motion ¢xeitation function to be @t the Mf tidal frequency.
Dickman's model predicts the prograde smpiitude to be 1276 millimeseconds (inas) and the
retrograde amplitude tobe 1./2. mias, whercas »eiler's model predicts these amplitudes to be 1.72
mas anti 1.44mas, respectively. Vhus, at the A2/ idal freguency, the prograde amplitude predicted
by Dickman's modelis 27 percentsmallerthantratpredictedby Scilor 'stnodel, and the retrograde
amplitude 1S 19 percent larger. 1 lowev ot predicted phases differ by 45¢ for the prograde
component,and64° for tile retrograde corlipon nt Al the M tidal ficquency, both models predict
the same phases as they predicted atthe M/t dicquency with auiplitudes 42 percent as great.
Thus, the relative agreement between T Dichnanand Seiler mode) predictions a the My tidal
frequency is the same as itwas at the A7 td:Hhiequency At the Mucidat frequency, the amplitude
forthe polar motion excitation function pre-hicted by Dickman's modehis substantially smaller than

that predicted by Seiler's model, being 017 m . for the prograde component(versus ().78 mas for
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thatpredicted by Sciler's mode]) and 0.2%1masor theretrograde component (versus 0.92 mas for
that predicted by Sciler's model). "Fhe pro dicte dphases again showlage discrepancies of 62° for
the prograde componentand 35¢ forthe 10112131 adecomponent. (1 the long-period ocean tides
considered, the smallest polar motion excitat o effects are predicted o occur at the M9’ tidal
frequency, being, 0.13 masand O.? 1 masfo: the amplitudes of the wograde and retrograde
components, respectively, as predicted by i ichuan'soccantide maodel.

From Figures 1b and 2b the Japes ehscived effect on the polar motion excitation function
is expected to be at the fortnightly tidal ficquencies, which is confinmed by the results given in
Table 2. At the Mf tidal frequency, the obscrverions agiee best with the predictions of Dickman's
model, with the predicted amplitodes being 47 pereent Jarger for the prograde component and 37
pereent smaller for the retrograde component than those observed, but with the phases differing by
only 7¢ for the prograde component and 6 for the rebograde component The agrecinent with the
obscrvations of the predictions of Sciles’s model is substantially worse at the Mf tidal frequency
than it is with the predictions of Dickman < o], with both prograde and 1etrograde amplitudes
differing from the observations by about a tactor of 2, and the prograde and retrograde phases
differing by 38 and S8°, respectively.

However, at the Mf” tidal frequency, the observations agree betier, at Jeast in phase, with
the predictions of Sciler's model than they do with the predictions of Dickman's model. The Seiler
model predicted prograde and retrograde phises differ from the observations by only 1€ and 15°,
respectively, although the predicted amplitudes for the prograde component wee less than one-half
that observed, and for the retrograde component it is less than one-third that observed. Dickman's
model predictions at the Mf tidal ficqueney show greater disagrecment with the observations than
do Sciler's model predictions, with phases dificting by 44” and 79 for the prograde and retrograde
components, respectively, the prograde anmiphtude being less than one thisd that observed, and the
retrograde amplitude being nearly one thid th at observed

The obscrved results at the M9 and M dddal ficquencies are at the level of the formal

uncertainty, and Figures 1b and 2b show no cvidonee of enhanced power in cither the prograde or
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retrograde weekly tidal bands, so therc is no evidence for polar motion excitation by these ocean
tides. At the Mm tidal frequency, the obscived effeet s somewhat Jarger than the formal
uncertainty, but Figures 1b and 2b apam show no evidence of enhanced power in cither the
prograde or retrograde monthly tidal bands ‘g indicates that the observed formal uncertaintics
given in Table 2 may have been underestimatedand inflating thenm by about a factor of two may
give more realistic estimates of the vnecriontic.. The observed results given in Table 2 for signals
at the M9', M9, and Mm tidal ficquencics can be conaidered to be upper limits on the effect of

these ocean tides on the polar motion excitation function x (1)
Discussion

Plots of the spectra of the SPACTH 91 poiar motion excitation series (Figures la or 2a) are
not symnetric about the zero frequency, hur ¢loaly exhibit greater broadband power at retrograde
frequencies than at prograde. The asymincty in the shape of the polar motion excitation spectra is
largely climinated upon removal of the total NCTP AAM senes (the sum of the wind and inverted
barometer pressure terms) from the SPACT 94 polar motion excitation series (compare Figures 1b
with 1a, or Figures 2b with 2a). Thisis soong cvidenee for broadband excitation of polar motion
by atmospheric wind and pressure fluctuations,

Besides removing broadband power, subtracting the total NCEP AAM series from the
SPACEY4 polar motion excitation sciics also rcmoves the enhanced power in the prograde weekly
tidal band, as mcntioned carlier. An ¢xutnination of Figwes la and 1b, or Figures 2a and 2b,
shows that other peaks in the spectium of the SPACE9L polar motion excitation series have also
been eliminated by removing the NCEP AARM series. Since these peaks appear in spectra
computed from different sections of the poler 1otion excitation tinwe series (compare Figures 1 and
2), they are not likely to arise fiom statistical fhos tnations in the spectial estinmation procedure, but
more likely indicate that the obscrved polat mabion excitation st these frequencies are also caused

by atmospheric fluctuations, perhaps assoaated with atmosphieric Rossby modes.




There have been two other 1ecent atteripts to deteet Jong-pernod ocean tidal excitation of
polar motion. Chao [1994], using o polic meson excitation serics derived from the SPACE93
combination of space-gcodclic 1 iwthiotstun 111gisLc.CinN [Gross,1994], and after first
removing the effects of atmospheticwint andpressurefluctuations foundevidence for a 9-day
tidal signal as well as a fortnightlytidal cinplizude "srgnific antly” prcaterthan that predicted by
ocean tide. modecls. Dickman and N[ ) 905), using the S]ACH9? [Gross, 1993b] polar motion
serics without first removing the cffects ofatmaonphericwindand pressure fluctuations, determined
prograde and retrograde polar motionmmplituicsof 0.061:40.079 mascand0.0634 0.063 mas,
respectively, at the fortnightly tidalperiod, ,md concluded thatatbestthe SPACE92 polar motion
serics could beused to place anupperbound onthe amphitude of any fortnightly tidal signal.
Here, clear evidence for excitation of polaniotiv at the fortnightly idal friequencics is obtained by
using estimates of the polar motion excitation functions fiom which the effects of atmospheric
wind and pressure fluctuations have hecncrnovad.

Predictions from the two avai lable e, tdemodeisfortheeflecton the polar motion
excitation functiony(7) of the for might v ¢« o tidesagreercasonably well with cach other in
amplitude (althoughnotin phase). Lioweyv e, o> eptioithe prograde A/ tidal signal, the predicted
amplitudes are considerably smaller than those oibserved. This indicates thateither: (1) both tide
modelshave systematically underestimateiihe polar motionelfect, (2) there e other geophysical
mechanisms contributing to the observod ¢, ot, o1 (3) Tilt obscrvedresidual polar motion
excitation series is contaminated by citherpwa niementnoise orcrrors i the AAM series at the
fortnightly tidal frequencies. 11 S certainly possble, andevenprobable, that errors exist in both
the space-geodetic measurements aud tie A AN ser its, especiallypiiorto 1984, although it S
difficult to understand why they would bornare prominentatthe fortightly tidal frequencies  rather
than having amore broadband character.

Lividence for @ither noise contamimt-ona the presence of otherpeophysical mechanisms
also comes from anr examination of there.over i prograde sndsctioprade phases of the Mf™ and

Mf tidal signals. If occan tides wercthe aniycmse ofthe obscrvedion [1i, ltly signals, then the
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phase of the prograde M and M/ signals shovld agree with cach othier, as should the phases of the
retrograde signals | Dickman, personal commniication, T995] Froni ‘Table 2, the phases of the
prograde Mf" and Mf signals agrce with cach other to withan about 1-sigina, but the retrograde
phases do not. One possible additional cortnbuotor to the obscrved fortuightly tidal polar motion
excitation signal could be tidal polar motion excination changes caused by lateral inhomogeneitics in
the density structure of the crust end mantle, although a guantitative evaluation of this effect must

await further investigation.

Summany

In summary, evidence has been presented for the occan tidal excitation of polar motion at
the M7 (13.63-day) and Mf (13.60-day) faorinightly tidal frequencies. Spectia of the polar motion
excitation function derived from space-goodets Farth rotabon measuiements spanning 1976.8-
1994 show enhanced power in the progrod. ancretrograde fortmghtly (14-day) tidal bands, as
well as in the prograde weekly (9-days tida! band (1 ‘iguies)asnd?a).Upon subtracting
atmospheric wind and pressure effects. spectia of the residualpolaninotion excitation function
continue to exhibit enhanced powet i th - forinightly tidal bands, butno longer in the prograde
weekly tidal band (Figures 1b and 2b) Ay cinc-rical model obtained by fitting periodic terms at
the tidal frequencices to the SPACESY AnNT rcadual polar motion excitation function is able to
fully account for this observed enhasnced poaer i the fortnighUy tidal bands (Figures 1c and 2c¢).
Predictions from two different occan tide yaodel pencrally underestimate the observed fortnightly
amplitudes by as much as a factor of two e three (Table 2). At the M/f tidal frequency,
obscrvations are in best agreement with the piedictons of Dickuan's ocean tide model, with
phases differing by only 6° 7°, piedicted progiade amplitudes being 47 percent too large, and
predicted retrograde amplitudes being, 5 perceat too small. At the M/ tidal frequency, the
obscrved phases are in close agrecinent with those predicted from Sciler's ocean tide model,

differing by only 1 for the prograde comypnen snd 15 for the retiograde component; however,




Sciler's predicted amplitudes arc @ factor of two to thice times too simall. The discrepancies
amongst the different model predictions a1 bhetween the observations and predictions illustrate the
need for better models of the effect of long period occan tides upon the Farth's rotation, a need that

may be fulfilled when long-period occan tide miondels based upon ‘Topex/Poseidon measurements

beecome available.
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LicuRry CAPTIONS

Fig. 1. Power spectraldensity (psd) estimates nodecibels (db) computed from time serics of polar
motion excitation functions (1) spauning 1976.8- 1994 of: () the SPACE94 polar motion
excitation function derived from space: peodetcarth rotationmeasim ements, o) the residual polar
motion excitation function formed by siibtracing the AAM series shown in Figure 3 from the
SPACHY4 excitation series, and (€) theresulrof removing therecoveredtidalterms from the
SPACHO94 AAM residual series, 'The veriical dotted hines indicate ficquencies inthe prograde anti
retrograde weekly tidal bands (at # 40.0) ¢py), forinightly tidal bauds (at 4 26.74 cpy), anti
monthly tidal bands (at 4.13.26 cpy). ‘Thactograde componentof polarmotion excitation is

represented by negative frequencies, the progradccomponent by positive fiequencies.

Fig. 2. Asin Figure 1 but for the time spin of 1084 1994,

Fig. 3. The x-component (a) and y-component (b of the effective atmospheric angalar momentum
chi-function computed from the NCEP attiosplicric wind and pressune fields. The effective AAM
chi-functions displayced here are the sum of the wind tenn and the pressute tenm computed under
the inverted barometer assumption for the yesponse of the occans to the iimposed atmospheric

pressure fluctuations.
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Table 1. Fxpansion of the Thdal Argamoent

Tide
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Mf'
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_'l‘ab)c 2. Obscrved and Prcdicted Fffects of Long: Period Ocean Tides
on the Poliar Monon xeitation Fanmction y (1)
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